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BALLISTIC AEROSOL MARKING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present invention is related to U.S. patent 
application Ser. Nos . 09/163,893, 09/164,124, 09/163,808, 
09/163,765, 09/163,839 now U.S. Patent No. 6,290,342, 
Ser. Nos. 09/163,954, 09/163,924, 09/163,904 now U.S. 
Pat. No. 6,116,718, Ser. Nos. 09/163,799, 09/163,664 now 
U.S. Pat. No. 6,265,050, Ser. Nos. 09/163,518, 
09/164,104, 09/163,825, issued U.S. Pat. No. 5,717,986, 
and U.S. Pat. Nos. 5,422,698, 5,893,015, 5,968,674, and 
5,853,906, each of the above being incorporated herein by- 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a ballistic aerosol 
marking apparatus and, more particularly to a gating 
method and apparatus for ballistic aerosol marking. 

2. Background of the Invention 

Ballistic Aerosol Marking (BAM) systems are known to 
eject particulate marking materials for marking a 
substrate. For example, U.S. Patent 6,34 0,216 and U.S. 
Patent 6,416,157, which are hereby incorporated by 
reference in their entirety, disclose a single-pass, 
full -color printer which deposits marking materials such 
as ink or toner. High speed printing either directly onto 
paper or a substrate or indirectly through an 
intermediate medium can be achieved using Ballistic 
Aerosol Marking (BAM) systems. An array or multiplicity 
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of channels are provided in a print head through which a 
propellant stream is directed. Marking material or 
multiple marking materials may be introduced into the 
channel and the propellant stream to be mixed and 
5 deposited on the substrate. When using particulate or 
solid based marking material, the material must be 
metered through an aperture into the channel from a 
reservoir. An example of moving and metering the marking 
material is also disclosed in U.S. Patent 6,290,342 which 

10 is hereby incorporated by reference in its entirety. A 
plurality of electrodes are provided with an 
electrostatic travelling wave to sequentially attract 
particles to transport them to a desired location. At 
higher resolutions, only very low agglomeration, or 

15 powdery toner can be metered through the smaller 
apertures. When using such smaller apertures and low 
agglomeration toner, problems encountered include 
clogging and surface adhesion of the marking material to 
the walls of the channel, aperture or metering device. 

20 Additional problems are encountered in precisely metering 
the material to be deposited in order to effectively mix 
colors or achieve proper gray scale on deposition of the 
marking material. Accordingly, there is a desire to 
provide a Ballistic Aerosol Marking (BAM) system capable 

25 of precisely metering marking material without clogging 
or surface adhesion issues. 

i 

SUMMARY OF THE INVENTION 

In accordance with one embodiment of the present 
invention, a ballistic aerosol marking print head for 
3 0 depositing marking material is provided having a gas 
channel coupled to a propellant source. A reservoir is 
provided in communication with the gas channel through an 
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aperture. A first gating electrode is located proximate a 
first side of the aperture. A second gating electrode is 
located proximate a second side of the aperture. A third 
gating electrode is located in the gas channel. A first 
5 voltage source having a first phase is connected to the 
first gating electrode. A second voltage source having a 
second phase in phase separation from the first phase is 
connected to the second gating electrode. A third voltage 
source having a third phase in phase separation from the 
10 second phase is connected to the third gating electrode. 
The first phase, second phase and third phase are 
sequenced so that marking material is metered from the 
reservoir into a propellant stream in the gas channel. 

15 In accordance with another embodiment of the present 
invention, a toner gating apparatus is provided for 
supplying toner through an aperture to a gas channel 
having a propellant stream. The toner gating apparatus 
has a traveling wave grid having electrodes. A first 

20 gating electrode is located proximate a first side of the 
aperture. A second gating electrode is located proximate 
a second side of the aperture. The gating may be 
implemented in two modes: continuous and on-demand. A 
third gating electrode is located in the gas channel . A 

25 first voltage source having a first phase is connected to 
both the first gating electrode and a first electrode of 
the travelling wave grid. A second voltage source having 
a second phase is connected to both the second gating 
electrode and a second electrode of the travelling wave 

3 0 grid. In continuous mode, a third voltage source having a 
third phase is connected to both the third gating 
electrode and a third electrode of the travelling wave 
grid. In on-demand mode, the third gating electrode is 



connected to the data line for print -on- demand 
capability. 

In accordance with a method of the present invention, a 
method of metering toner through an aperture into a 
propel lant stream has a first step of providing a 
traveling wave grid having electrodes. Steps of locating 
a first gating electrode proximate a first side of the 
aperture, locating a second gating electrode proximate a 
second side of the aperture and locating a third gating 
electrode where the propellant stream is located between 
the second and third gating electrodes are then provided. 
Steps of connecting a first voltage source having a first 
phase to both the first gating electrode and a first 
electrode of the travelling wave grid, connecting a 
second voltage source having a second phase lagging the 
first phase to both the second gating electrode and a 
second electrode of the travelling wave grid and 
connecting a third voltage source having a third phase 
lagging the second phase to both the third gating 
electrode and a third electrode of the travelling wave 
grid are then provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and other features of the present 
invention are explained in the following description, 
taken in connection with the accompanying drawings, 
wherein: 

Fig. 1 is a side schematic section view of a Ballistic 
Aerosol Marking (BAM) system incorporating features of 
the present invention; 
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Fig. 2 is a side schematic section view of a gating 
device and electrode grid of the Ballistic Aerosol 
Marking (BAM) system in Fig. 1; 

Fig. 3 is a sample waveform such as may be used with the 
5 electrode grid in Fig. 2; 

Fig. 4A is a potential comparison graph of the gating 
device; and 

Fig. 4B is a Axial E-Field comparison graph of the gating 
device . 



10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Fig. 1, there is shown a side schematic 
section view of a Ballistic Aerosol Marking (BAM) system 
incorporating features of the present invention. Although 
the present invention will be described with reference to 
15 the embodiments shown in the drawings, it should be 
understood that the present invention can be embodied in 
many alternate forms of embodiments. In addition, any 
suitable size, shape or type of elements or materials 
could be used. 

20 

Ballistic aerosol marking device 10 may form a part of a 
printer, for example of the type commonly attached to a 
computer network, personal computer or the like, part of 
a facsimile machine, part of a document duplicator, part 

25 of a labeling apparatus, or part of any other of a wide 
variety of marking devices. The materials to be deposited 
may be 4 colored toners, for example cyan (C) , magenta 
(M) , yellow (Y) , and black (K) , which may be deposited 
either mixed or unmixed, successively, or otherwise. In 

30 alternate embodiments, more or less toners, colors or 



marking materials may be provided. BAM Device 10 has a 
body 14 within which is formed a plurality of cavities 
16, 18, 20, 22 for receiving materials to be deposited. 
Also formed in body 14 may be a propellant cavity 24 for 
propellant 36, A fitting 26 may be provided for 
connecting propellant cavity 24 to a propellant source 28 
such as a compressor, a propellant reservoir, or the 
like. Body 14 may be integrally formed as part of or 
connected to a print * head 30. Print head 30 has one or 
more ejectors having channels 46 (only one channel is 
shown in Fig. 1 for example purposes) through which & 
propellant 36 is fed. Marking material is caused to flow 
out from cavities 16, 18, 20, 22 and is transported and 
metered into the ejector into a stream of propellant 
flowing through channel 46. The marking material and 
propellant are directed in the direction of arrow A 
toward a substrate 50, for example paper, supported b>y a 
platen 52. 

Referring now to Fig. 2, there is shown a side schematic 
section view of Print Head 30 of Ballistic Aerosol 
Marking (BAM) direct marking process having an electrode 
grid 58. Print head 3 0 has one or more channels 4 6 to 
which a propellant 36 is fed. Fig. 2 shows an exemplary 
channel 4 6 and a gating device xjating marking material 
into the channel. The marking material 68 may be 
transported from a marking material reservoir, such as 
cavities 16, 18, 20, 22 (not shown, see fig. 1) by an 
electrode grid 58 under the control of controller 62 via 
a four phase circuit to drive the travelling wave 80. In 
alternate embodiments, transporting methods other than 
electrode grid 58 may be employed or more or less phases 
may be provided. The marking material 68 is metered and 
introduced into channel 46 through aperture 66. The 




marking material 68, which may be fluidized toner is 
metered through a two phase or three phase gating device 
by electrostatic forces which will be described in more 
detail below. For 300 spi resolution, aperture 66 may 
5 have a diameter 74 of approximately 50um to conform to a 
channel width 72 of approximately 84um. In alternate 
embodiments, any suitable aperture size and channel width 
may be used. For this scale, low agglomeration or 

* 

"powdery" 6 um toner can be used. In the embodiment 

10 shown, and depending upon the effectiveness of the gating 
system, gated toner can make the effective aperture size 
approximately 25-3 0um down from 50um due to surface 
adhesion. This is explained in that only 8 toner 
particles can fit diagonally across the aperture 66 and 

15 two layers may be attached or otherwise adhered to the 
aperture walls by van der Waals adhesion or through 
toner- toner co-hesion. The aperture 66 may be fabricated 
from Au coated 2 mil Kapton film with a laser drilled 
50um hole. In alternate embodiments, other suitable 

2 0 materials may be used. The centerline of aperture 66 is 
shown approximately 9 0 degrees from the channel flow 
path. In alternate embodiments, other angles may be 
employed and other sizes or shapes may be used. In 
alternate embodiments, more apertures, and transporting 

25 devices may interface with channel 46, such as in the 
instance where multiple colors or marking materials are 
introduced into channel 46. Channel 46 may be formed as a 
Laval type expansion nozzle incorporating a venturi 
structure or otherwise having an exit end 68 and a 

30 propellant supply end 70. 

For high speed printing, it is desirable that marking 
material 68 or toner be reliably and continuously 
supplied to gating aperture 66. Factors that influence 



8 

successful gating include lightly agglomerated or loosely 
packed toner, continuously replenished supply of toner, 
and for any gating rate, the toner density at the 
aperture inlet be controllable. In the embodiment shown, 
5 a 3 phase electrode configuration is provided having a 
first gating electrode 84 on a first (reservoir, grid or 
supply) side of aperture 66. A second gating electrode 86 
is provided on a second or channel side of aperture 66 . A 
third gating electrode 88 is provided in gas channel 46 

10 and opposing aperture 66. The marking material or toner 
68 is transported from a marking material reservoir, such 
as cavities 16, 18, 20, 22 (not shown, see fig. 1) by 
electrode grid 58 under the control of controller 62 via 
a four phase circuit to drive the travelling wave 80. 

15 Electrode grid 58 has electrodes 90A, 90B, 90C, 90D which 
may form a repeating pattern as shown. In alternate 
embodiments more or less electrodes or more or less 
repeating patterns may be provided. Phased voltages, or 
voltage sources which may be in the range of 25 - 500 

2 0 volts with frequencies of hundreds of hertz through 
thousands of hertz or otherwise are applied to electrodes 
90A, 90B, 90C, 90D that form a travelling wave of either 
a d.c. phase or a.c. phase. In alternate embodiments, 
different voltage levels and frequencies may be used. In 

2 5 the embodiment shown, continuous gating is established by 
selectively connecting gating electrode 84 to electrode 
90A, and gating electrode 86 to electrode 90B and gating 
electrode 88 to electrode 90C. The connection 

configuration between the gating electrodes and 

30 electrodes of the grid shown in Fig. 2 is representative, 
and any suitable configuration may be used. As seen in 
Fig. 2, the controller 62 may be connected by any 
suitable communication means 63 to gating electrode 8 8 in 
order to allow operation of the electrode in an on-demand 
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gating mode. In on-demand gating, the third electrode is 
connected to the data line. In this embodiment, the data 
line 65 (corresponding to the data embodying the image to 
be printed with a given channel 46 of print head 30) is 
5 connected to controller 62. The controller then 

generates a suitable signal according to the data line, 
that is communicated via means 63 to switch the electrode 
88 on/off. In alternate embodiments, the controller may 
be connected for on demand operation to any of the 

10 electrodes as desired. The controller 62 selects whether 
the electrode is operated in one of the continuous or on- 
demand modes as desired. The three phase, three 
electrode gating electrode configuration maximizes toner 
gating effectiveness where the third gating electrode 88 

15 is located on the gas channel floor opposing the aperture 
66. Where a two phase configuration is provided such as 
where gating electrodes on the reservoir side and channel 
side are provided without a third gating electrode, a 
stagnation point may occur during pulse switching 

2 0 intervals where some forward and backward sloshing of 

toner may occur. With a three phase configuration as 
shown in Fig. 2, such as having gating electrodes 84, 86 
and a third phase connected to gating electrode 88, the 
stagnation zone is minimized or all together prevented 
25 from forming. Additionally, because the space between 
gating electrode 86 and gating electrode 88 is the gas 
channel 46, there is no surface for toner adhesion and, 
as a result, less tendency for the effective aperture to 
decrease. Gating electrode 88 also presents a projection 

3 0 field during the active interval that ensures that toner 

will move into channel 46 to be entrained for printing. 

Referring now to Fig. 3 there is shown a sample waveform 
produced by the four phase circuit with two cycles in the 



voltage patterns in the travelling wave of fig. 2. Line 
VI represents the voltage applied to electrodes 90A and 
84, Line V2 represents the voltage applied to electrodes 
90B and 86, V3 represents the voltage applied to 
electrodes 90C and 88 and V4 represents the voltage 
applied to electrode 90D. In the embodiment shown, these 
voltages are phased approximately by 90 degrees. In 
alternate embodiments, such • as where electrode 90D with 
V4 is not provided; the voltages may be phased by 
approximately 120 degrees. In alternate embodiments, such 
as where electrodes 88, 90C and 90D with V3 and V4 are 
not provided, the voltages may be phased by approximately 
180 degrees. In alternate embodiments more or less 
electrode configurations, phases or duties may be 
provided. In the embodiment shown, the voltage sources 
are phased direct current sources, however in alternate 
embodiments the voltage sources may be different, for 
example phased alternating current sources. 

Referring now to Fig. 4A there is shown a potential 
comparison graph for corresponding two and three phase 
gating structures. The graph represents the potential 
distribution along the aperture axis 94. The horizontal 
axis represents distance from the gas channel floor in 
urn. The vertical axis represents the potential along the 
aperture axis 94 in Volts. Data shown is for a channel 
height of approximately 65um (similar to channel 46 in 
Fig. 2) , aperture thickness of 50um (of a representative 
aperture similar to aperture 66) and electrode voltage of 
400 volts. The dashed line PI represents a two phase 
configuration whereas the solid line P2 represents a 
three phase configuration. The roof of the channel is 
represented by 100A and the top of the gating aperture is 
represented by 100B. Referring now to Fig. 4B there is 



shown an axial E-field comparison graph comparing the 
axial E-field for two and three phase gating structures. 
The graph represents the axial E-field along the aperture 
axis similar to axis 94 (see Fig. 2) . The horizontal axis 
represents distance from the gas channel floor in urn. The 
vertical axis represents the axial E-field along the 
aperture axis similar to axis 94 in V/um. Data shown is 
for a channel height of approximately 65um, aperture 
thickness of 50um and electrode voltage of 4 00 volts. The 
dashed line El represents a two phase configuration 
whereas the solid line E2 represents a three phase 
configuration. The roof of the channel is represented by 
10 OA and the top of the gating aperture is represented, by 
10 OB. The three phase case shows approximately four times 
the field strength at the channel floor resulting in much 
higher coulomb forces pulling toner directly from the 
aperture into the gas channel. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives 
and modifications can be devised by those skilled in the 
art without departing from the invention. Such 
alternatives or modifications could be combining 
different expansion funnels with different columns or no 
columns as an example. Such alternatives or modifications 
could be mounting the expansion funnel further within the 
expansion chamber or product container as a further 
example. Accordingly, the present invention is intended 
to embrace all such alternatives, modifications and 
variances which fall within the scope of the appended 
claims . 



